Introduction {#S0001}
============

Cervical precancer can usually be diagnosed through screening[@CIT0001] and can be effectively treated by cryotherapy/thermal ablation or Loop Electrosurgical Excision Procedure (LEEP) with a cure rate of almost 100%.[@CIT0002],[@CIT0003] Women who screen positive for cervical precancer and are not treated are at risk of developing invasive cervical cancer (ICC). In sub-Saharan Africa (SSA) and other developing settings, it is difficult to get women back for treatment after screening positive for cervical precancer.[@CIT0004] Understanding the factors that contribute to the lack of treatment uptake is a significant factor in cervical cancer secondary prevention and policy development.

A literature search was performed through PubMed to identify the variables that are likely to be associated with treatment uptake. For this study, we defined treatment uptake to include women with visual inspection with acetic acid (VIA) or visual inspection with Lugol's iodine (VILI) positive cervical lesions detected by digital cervicography (DC) who received same day treatment or treatment during a follow-up visit or who returned for a follow-up visit and were found to have spontaneous regression of their cervical lesions. The variables that emerged were classified using a systems model where personal, environmental, and clinical factors were identified.[@CIT0005] The personal factors that were explored included age, level of education, marital status, employment status, income, and health status, including human immunodeficiency virus (HIV) status and severity of the precancer. Lower education levels have been shown to be associated with lower rates of treatment uptake.[@CIT0006] Individuals who are HIV positive have a higher incidence rate of cervical precancer and have a treatment failure rate of 51% for low-grade lesions and 55% for high-grade lesions.[@CIT0007] The major environmental factor examined in this study was the distance from home to the clinic. It has been found that the farther women live from the clinic, the lower the treatment uptake rates.[@CIT0006] Specific factors related to clinic characteristics include location and type of clinic.

The largest cervical cancer prevention program in Cameroon is administered by the Women's Health Program (WHP) of the Cameroon Baptist Convention Health Services (CBCHS). The CBCHS is a large faith-based health organization that has a network of 82 health facilities in eight of the 10 regions of Cameroon. The WHP has screened over 100,000 women for cervical cancer and has treated over 5000 for cervical precancer. The WHP has a documented 9% prevalence for cervical precancer and 613 per 100,000 prevalence rates for ICC among women screened by VIA and VILI enhanced by digital cervicography (DC).[@CIT0004] For comparison, the Cervical Cancer Prevention Program in Zambia had similar detection rates for ICC (690 per 100,000 women screened).[@CIT0008] Consequently, it is reasonable to assume that cervical cancer screening programs in SSA will likely detect one ICC for every 150 women who are screened. Since appropriate treatment for ICC is often not available nor affordable in Cameroon,[@CIT0009] screening programs should intensify diagnoses, treatment, and follow-up women wish positive cervical lesions as timely and efficiently as possible in a manner acceptable, affordable, and accessible to this population.

The type of treatment offered depends on the characteristics of the lesion. Lesions that are small and meet criteria for treatment with cryotherapy are called cryotherapy-eligible lesions, while bigger lesions that meet criteria for treatment by LEEP are called LEEP-eligible lesions.[@CIT0002] The WHP has adopted the "see-and-treat" approach where women who screen positive for cryotherapy-eligible lesions are treated on the same day of diagnoses with cryotherapy or thermal ablation.[@CIT0003],[@CIT0004] Women with LEEP-eligible lesions are scheduled for treatment by appointment at facilities where surgical intervention can be done to control bleeding, if necessary. Lesions suspicious for cancer are biopsied for histopathological confirmation. This descriptive study aimed to examine the determinants associated with treatment uptake among women diagnosed with VIA/VILI cervical lesions in Cameroon.

Patients and Methods {#S0002}
====================

Ethical Consideration {#S0002-S2001}
---------------------

This secondary analysis of clinical data from the WHP received Institutional Review Board (IRB) approval from University of Massachusetts Boston (UMB), United States (US) and the CBCHS IRB, which constituted ethical approval of the study. Thus, the data accessed complied with relevant patient data protection rules and guidelines.

Study Population and Procedure {#S0002-S2002}
------------------------------

A descriptive cross-sectional design was used to examine five years of data from 2013 through 2018 of 755 women diagnosed with VIA/VILI cervical lesions in 2013 in Cameroon. The data analyzed were collected from electronic and paper medical records. The WHP designed its database to provide ongoing access to clinically useful data, as well as for program monitoring and evaluation.

A checklist and data codebook were developed using the factors from the systems model that pertain and were sent to the WHP data manager, and she was instructed to develop a dataset with these variables. Clinic registers were consulted in cases where variables were missing in the database. The dataset was deidentified for analyses.

WHP performs cervical cancer screening with a technique known as digital cervicography (DC), which is an adjunct to VIA and VILI. In DC, a digital camera with a macro-conversion lens or a Samsung Galaxy S4, or S6, or J8 cell phone is utilized to take highly magnified real-time images of the cervix, which are projected onto a television screen, so that both the woman and the provider see the cervix live on the screen at the same time; mimicking video colposcopy.[@CIT0010] In WHP, the nurses perform a biopsy on VIA/VILI lesions when they are uncertain about the diagnosis or optimal treatment. The WHP followed the World Health Organization (WHO) guidelines for the "see-and-treat" approach for treatment and follow-up.[@CIT0003]

All women who screened positive by VIA/VILI from January 1st to December 31st 2013 were included in the study irrespective of age. However, in Cameroon, eligibility age for screening with VIA/VILI is 25 to 65. Though WHP is now performing human papillomavirus (HPV) testing, HPV testing was not done in the 2013 cohort. Their medical records were reviewed for five years to assess treatment uptake. Women with HIV unknown status were excluded, because we were interested in the comparison between HIV positive and negative women. Women with lesions suspicious for ICC were also excluded from the study, because the recommendations for treatment and follow-up differ from those for precancers.

Measures {#S0002-S2003}
--------

The independent variables were classified into personal, environmental, and clinic variables. The following is a list of the personal variables and how they were coded: age (\<30, 30 to 39, 40--49, and ≥50); educational level (0--7yrs, 8--12yrs, 13--14yrs, 15--17yrs, and ≥18yrs); marital status (single, married/cohabiting, widowed, separated, and divorce); employment (employed versus unemployed); health status which included the characteristics of the VIA/VILI lesion (high-grade versus low-grade), and HIV status (positive versus negative). Women with unknown HIV status were excluded from the study. The environmental variable of distance from the clinic was coded with respect to whether the woman lived in the city where the clinic was located or not. The clinic variables that were available in the dataset included the location of the clinic (rural versus urban) and type of clinic (stationary versus mobile).

The dependent variables for this study were treatment uptake and spontaneous lesion regression. Treatment uptake included women who received same-day treatment or who returned for treatment at a later date irrespective of whether or not they were treated. Some of the women were not treated because their lesions were found to have regressed spontaneously, but they were still counted under treatment uptake because of the fact that they showed up.

Data Analysis {#S0002-S2004}
-------------

Chi-square tests were used to compare participants' characteristics by treatment status. Variables with p\<0.05 in the bivariate analysis were included in the multivariable analyses. The proportion of women who received treatment in the first year and between the second year and the end of five years were calculated. Proportions of women with cryotherapy-eligible lesions who received same-day treatment and proportions of women with LEEP-eligible lesions who received treatment within the first two months were also calculated. A binary logistic regression model was used to model the log odds for treatment uptake. Firstly, simple logistic regression analysis with just one predictor at a time was performed with treatment uptake as the dependent variable. Secondly, the predictors in the simple logistic regression model that had statistical significance were entered into a multivariable logistic model with treatment uptake and spontaneous lesion regression as the dependent variables. The predictors were those collected at enrollment. The data were summarized using odds ratios (ORs) with p-values and 95% confidence interval (CI). All underlying assumptions regarding multivariable regression models were met. The data were normally distributed, and the variables added to the multivariable model had significant relationships. A backward stepwise selection was completed, using p-value \>0.2 as removal criterion. All statistical analyses were performed using Stata version 15 (Stata Corp, College Station, TX, USA).

Results {#S0003}
=======

Sample {#S0003-S2001}
------

In 2013, WHP screened a total of 8283 women for cervical cancer. There were 127 women who reported they did not know their HIV status and were excluded. Seven hundred and fifty-five women met the inclusion criteria for the study. The mean age of the women in the sample was 34.8 years (standard error\[SE 0.3\]). The majority of the women were between 30 and 39 years of age (44.5%), were married 493 (65.7%), and had less than eight years of education 372 (51.5%). There were 141 (18.7%) women who reported living with HIV.

Types of Lesions and Treatment {#S0003-S2002}
------------------------------

Of the 8283, 926 (11.2%) had a positive screen, that is either lesions suspicious for ICC or VIA/VILI lesions. Of those, 882 (95.3%) had VIA/VILI lesions. Of the 755 women included in the study, 602 (79.7%) had cryo-eligible lesions and 153 (20.2%) had LEEP-eligible lesions. A total of 344 (45.6%) women included in the study received treatment/biopsy. Among those who followed up for treatment, 180 (42.7%) had same-day treatment/biopsy. Of the 344 women who received treatment, 28 (8%) were treated with LEEP and the other 316 (92%) were treated by cryotherapy, thermal ablation, or had a biopsy. A total of 28 biopsies were performed ([Table 1](#T0001){ref-type="table"}).Table 1Treatment/Biopsy ProportionsTreatment/BiopsyNumber Treated, aProportion, b(a/n)%**Cryotherapy/Thermal Coagulation, n=288** Same-day Treatment15654.6 2--30 Days Treatment12443.1 1Month--1 Year Treatment51.7 1 to 5 Years Treatment31.1**Biopsy, n=28** Same-day Treatment2485.7 2--30 Days Treatment310.7 1Month−1 Year Treatment00 1--5 Years Treatment13.8**LEEP, n=28** 1st 2 Months Treatment2278.8 2Months - 1Year Treatment310.7 1--5 Years Treatment310.7**Overall Treatment/Biopsy, n=344** 1st year Treatment34098.8 2nd to 5th Year Treatment41.2[^1]

Age {#S0003-S2003}
---

Women younger than age 30 were the least likely to return for treatment, whereas women aged 40--49 were the most likely to follow-up for treatment ([Table 2](#T0002){ref-type="table"}). In the logistic regression with treatment uptake as the dependent variable, age was the most significant predictor ([Table 3](#T0003){ref-type="table"}). In the multivariate model, 83% of women 30--39 had treatment uptake compared to 61% of women less than 30 \[adjusted odds ratio (AOR=1.61, p=0.006, 95% CI 1.14--2.26)\] ([Table 4](#T0004){ref-type="table"}).Table 2Participants Characteristics at Enrollment According to Treatment Follow-Up (N=755)CharacteristicsFollowed Up for Treatment, N=422Never Followed Up for Treatment N=333Totalp value**Age in Years, n(%)(M - 34.81, SE 0.31)** \<3095(44.60)118(55.40)2130.001 30--39200(59.52)136(40.48)336 40--49106(63.86)60(36.14)166 ≥5021(52.50)19(47.50)40**Marital Status, n(%)** Single79(51.97)73(48.03)1520.559 Married280(56.80)213(43.20)493 Others61(57.01)46(42.99)107**Employment, n(%)** Not Employed219(58.24)157(41.76)3760.601 Employed195(53.57)169(46.43)364**Educational Level, n(%)** 0--7yrs220(59.14)152(40.86)3720.315 8--14yrs132(52.23)116(46.77)248 15--17yrs35(50.00)35(50.00)70 ≥18yrs17(51.52)16(48.48)33**HIV Status, n(%)** Negative333(54.23)281(45.77)6140.055 Positive89(63.12)52(36.88)141**Lesion-Grade Characteristics, n(%)** Low Grade331(54.98)271(45.02)6020.317 High Grade91(59.48)62(40.52)153**Site of Screening, n(%)** Stationary Clinic262(56.22)204(43.78)4660.817 Mobile Clinic160(55.36)129(44.64%)289**Distance, n(%)** Live Within the City175(55.56)140(44.44)315 Live Out of the City244(55.96)192(44.04)4360.912 Table 3Logistic Regression of Predictors for Treatment Follow-UpPredictorsRaw (Total) EffectIndependent (Adjusted) EffectORp value95% CIORP value95% CI**Age** \<301(ref)1(ref) 30--391.830.0011.29--2.581.610.0061.14--2.26 40--492.19\<0.0011.45--3.332.17\<0.0011.43--3.31 ≥501.370.3590.69--2.7**Education** 0--7yrs1(ref) 8--14yrs0.790.1460.57--1.09 15--17yrs0.690.1570.41--1.51 ≥18yrs0.730.3960.36--1.49**Marital Status** Single0(ref) Married1.210.2960.84--1.75 Others1.230.4240.74--2.02**HIV Status** Negative0(ref)0(ref) Positive1.440.0560.99--2.111.480.0530.99--2.2**Distance** Within the City1(ref) Out of the City1.020.9120.76--1.36**Employment** Not Employed0(ref)0(ref) Employed0.830.2010.62--1.110.780.1060.57--1.05**Site of Screening** Stationary Clinic1(ref) Mobile Clinic0.970.8170.72--1.31**Lesion Characteristics** Low Grade1(ref) High Grade1.20.3180.84--1.27[^2] Table 4Logistic Regression of Predictors for Same-Day TreatmentRaw(Total) EffectIndependent(Adjusted) EffectORp value95% CIORP value95% CI**Age** \<301(ref)1(ref) 30--391.770.0091.15--2.711.380.1270.91--2.09 40--491.560.0810.95--2.571.440.1420.86--2.72 ≥501.80.1380.83--3.93**Education** 0--7yrs1(ref) 8--14yrs0.960.8150.65--1.40 15--17yrs0.970.9230.53--1.78 ≥181.420.3740.65--3.11**Marital Status** Single0(ref) Married1.280.2710.82--2.0 Others1.320.3580.73--2.37**HIV Status** Negative0(ref) Positive1.280.2390.85--1.94**Distance** Within the City1(ref)1(ref) Out of the City1.260.1830.98--1.781.480.0850.95--2.3**Employment** Not Employed0(ref) Employed0.950.7860.68--1.34**Site of Screening** Stationary Clinic1(ref)1(ref) Mobile Clinic0.890.4930.63--1.250.650.0570.41--1.01**Lesion Characteristics** Low Grade1(ref) High Grade1.020.9110.68--1.55[^3]

Lesion Regression {#S0003-S2004}
-----------------

Of the 266 women who returned for treatment at a later date, interestingly, the lesions of 78 (29.3%) ([Table 5](#T0005){ref-type="table"}) had regressed. Of those, 39 (50%) were still treated despite lesion regression. Spontaneous lesion regression was a serendipitous finding of this study. Spontaneous lesion regression represents the cervixes that had VIA/VILI positive lesions at the initial visit and who screened negative with VIA/VILI at the follow-up visit. Women who had low-grade lesions at the initial exam, those who had follow-up more than a year after the initial exam, and those who were HIV negative (p \< 0.001), were significantly more likely to have spontaneous regression. Age was not a significant determinant of spontaneous regression (p=0.149).Table 5Results of Treatment Follow-Up Visit Showing Spontaneous Lesion Regression n=266NegativeLow GradeHigh GradeSuspicious for Cancerp value**Initial Lesion Grade, N(%)** Low Grade64(30.62)124(59.33)20(9.57)1(0.48)0.001 High Grade14(24.56)25(43.86)17(29.82)1(1.75)**Duration, N(%)** ≤30 Days8(9.09)72(81.82)7(7.95)1(1.14)\<0.001 30--90 Days3(6.52)30(65.22)13(28.26)0 91--365 Days36(45.57)34(43.04)10(7.09)0 \>365 Days28(62.22)9(20)7(15.56)1(2.22)**HIV Status, N(%)** Negative67(32.06)126(60.29)15(7.18)1(0.48)\<0.001 Positive11(19.3)23(40.35)22(38.6)1(1.75)**Age, N(%)** \<3022(34.38)35(54.69)7(10.94)00.149 30--3928(22.95)78(63.93)15(12.3)1(0.82) 40--4926(37.68)31(44.93)11(15.94)1(1.45) ≥502(18.18)5(45.45)4(36.36)0

Discussion {#S0004}
==========

The total percentage of women that did not follow-up for treatment in this sample was 44.1%, which is similar to the 47.2% of no treatment in Nigeria,[@CIT0006] but higher than the 36.5% in Cote d'Ivoire.[@CIT0011] Even though the rate is also similar to 40.8% in Zambia, we cannot directly compare because the Zambian rate applies only to women with LEEP-eligible lesions.[@CIT0012] Usually, LEEP is not provided on the day of diagnosis in a "see and treat" program. Older women were more likely to be treated than younger women. Contrary to this finding, a Nigerian study did not find any association between age and treatment uptake.[@CIT0006] In the Nigerian study, a significant proportion of the women who did not follow-up for treatment had less than secondary school education (OR: 2.9, 95% CI: 1.1--7.7). Whereas, educational level had no effect on treatment uptake in our study. Both the Nigerian study and this study did not find significant associations between marital or employment status with treatment uptake.

Even though WHP has implemented a "see and treat" cervical cancer prevention program, the rate of women who received same-day treatment/biopsy (180/755, 23.8%) was relatively low. In an earlier cross-sectional study analyzing data among women screened at WHP from 2007 to 2014, the rate of same-day treatment was 31.1%,[@CIT0004] higher than what we found for 2013 alone. "See and treat" programs are likely to work better in funded projects where treatment is offered at no charge. WHP has minimal external funding and thus relies on patients' fees to sustain the program.[@CIT0013] Thus, women are expected to pay for their treatment. Cryotherapy and thermal ablation are offered at \$20 to \$60 while LEEP is offered at \$60 to \$150. In a recent qualitative study conducted among WHP nurses and clients, payment for treatment was identified as one of the major barriers to same-day treatment and post-treatment follow-up.[@CIT0014] In a "see and treat" program in Thailand, 98.5% (609/618) of the women with precancer received same-day treatment.[@CIT0015] However, in this Thailand study, it is not clear whether the treatment was provided at no charge or the women had to pay for it.

Regression of cervical precancer has been well documented.[@CIT0003] There is evidence that about 40% of CIN2 lesions will regress spontaneously over two years. In a recent US study where 356 HIV-negative women with cervical precancers were followed for three years, the researchers reported spontaneous lesion regression rate at 25.3%,[@CIT0016] lower than the regression rate in our study, which increased to 62.2% in women who came back more than a year after their initial exam. In a retrospective study among HIV-positive women with cervical precancer in the US, the spontaneous lesion regression rate within two years of follow-up was 31%,[@CIT0017] which is higher than the regression we found among women living with HIV (19.3%).

We found that HIV-negative women had a significantly higher regression rate (32.1%) than women living with HIV, which is consistent with other studies that documented a lower rate of lesion regression in women living with HIV than those who are HIV negative.[@CIT0016],[@CIT0017] Among various racial groups in the US, the black race was found to have the slowest expected times for lesion regression (49 months; 95% CI, 29.1--86.2).[@CIT0018] The highest regression rate (62%) in our study was among women whose follow-up exam was more than one year after their initial exam, most of whom were followed up within two years. Our data indicate that less than 10% of VIA/VILI lesions regress within 90 days of examination. Regression increases to 45% in the first year and then to 62% with two years ([Table 5](#T0005){ref-type="table"}). However, 44% of women with VIA/VILI lesions in this study were not treated or followed up and even if most of the lesions in those women had regressed, many will persist and progress to ICC. Thus, same day treatment is still justified whenever possible to reduce the risk of progression to ICC, because ablative treatment with cryotherapy or thermal ablation have minimal side effects.

Although age was not significantly associated with spontaneous lesion regression in our study, young age was associated with lesion regression in other studies. In a retrospective study in Western Australia among women aged 18--24, the regression rates for CIN2 in two years was as high as 59.5% (95% CI 0.5--0.6).[@CIT0019] In a three-year follow-up study among 95 women aged 24 and younger with CIN2, 38% regressed within one year, 63% within two years, and 68% within three years.[@CIT0020] Although spontaneous lesion regression was a serendipitous finding in this study, it is not clear why there was no association between age and lesion regression. Nevertheless, in a study with an priori hypothesis on age and spontaneous lesion regression, the researchers did not find any such association.[@CIT0017]

Interestingly, among the 78 women with spontaneous lesion regression, half (39) were still treated. So far, there is no protocol on how to manage women whose lesions regressed spontaneously in a "see and treat" program. It could have been an oversight of policymakers regarding the management of such women, because of the assumption that almost all women attending a "see and treat" program will receive treatment shortly after diagnosis. Considering that women successfully treated for precancer still carries a risk of up to 30% of developing ICC compared to women in the general population,[@CIT0021],[@CIT0022] it can also be inferred that the women whose lesions regressed spontaneously carry a similar risk, even though women with spontaneous lesion regression have not been sufficiently studied.

The progression from HPV infection to ICC begins with a precancer and the overall purpose of cervical cancer screening is to identify and treat the precancers.[@CIT0003] With the advent of HPV DNA tests, there has been a paradigm shift in cervical cancer prevention strategy from identifying just the precancer to identifying the presence of high-risk HPV on the cervix. When a woman is diagnosed with high-risk HPV and she has clearly defined precancer, the management is simple. Treat the lesion according to its presenting characteristics.[@CIT0003] On the other hand, if the woman is positive for high-risk HPV, but has no apparent lesion on examination with VIA, WHO has a dichotomous strategy for managing such cases depending on the likelihood of follow-up. First, if follow-up is uncertain, women with a positive high-risk HPV test should be treated with cryotherapy/thermal ablation, even if they have no apparent lesion with VIA. The second option is indicated for settings where follow-up is good, so that women who test positive for high-risk HPV and have no apparent lesion can be reliably followed up and treated if the lesion develops.[@CIT0023] In the case of the women in the present study with spontaneous lesion regression, in the absence of the capacity to provide HPV testing, it may be prudent to assume that the women are positive with high-risk HPV and provide them with treatment as per the WHO protocol for HPV "screen and treat" approach, especially, since we have documented that follow-up is not optimal.

Had WHP implemented a strict "see and treat" program, almost all 422 women who showed up for treatment would have been treated at the first visit and the issue on how to handle those with spontaneous lesion regression would not have arisen. However, this raises concerns for overtreatment. Over-treatment remains one of the main challenges of the "see and treat" approach.[@CIT0003] There is a burden on financial, material, and human resources when treating every VIA/VILI lesion, of which about 30% would regress spontaneously over time. Not only can the precancer regress, but even infection with high-risk HPV can resolve spontaneously. In another earlier study that was conducted in WHP, 44% of women with high-risk HPV infection had spontaneous clearance at one year.[@CIT0024]

The major strength of this study is that it evaluates treatment uptake of a cohort of women with VIA/VILI lesions for up to five years in a LMIC.

Limitations {#S0005}
===========

This study had some limitations. First, it is a review of medical records with data that was originally collected for clinical work and program evaluation, not for research. The HIV status in our cohort was self-reported. For reasons associated with sigma, some HIV-positive women might have reported their status as negative. As such, there could have been potential bias towards the null. Additionally, the dataset did not have other aspects of the systems model that could be affecting "see and treat" rates, as well as treatment uptake.

Conclusion {#S0006}
==========

Treatment uptake is low among women with acetic VIA/VILI lesions in Cameroon. The main significant factors associated with treatment uptake are age and HIV status. Longitudinal prospective studies are needed to examine predictors for cervical precancer regression and same-day treatment uptake among women with VIA/VILI cervical lesions in Cameroon and sub-Saharan Africa. Secondary to the unanswered questions about the low treatment uptake rates, future studies should include issues such as financial barriers to treatment uptake. Spontaneous regression of cervical lesions needs to be considered in decisions related to optimal treatment.
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[^1]: **Abbreviation:** %, Percentage.

[^2]: **Note:** N.B backward selection was used, using p value \> 0.2 as removal criterion.

[^3]: **Note:** N.B backward selection was used, using p value \> 0.2 as removal criterion.
